I ntraventrIcular metastases are rare; the literature suggests that theses metastases develop in less than 1%-5% of all cancer patients. 7, 9, 11, 15, 18, 19 Although optimal treatment strategies have not been established, most patients receive local therapy in the form of either resection or stereotactic radiosurgery (SRS). As previously reported, our institution (The University of Texas MD Anderson Cancer Center) has examined the role of resection in the management of lateral ventricle metastases and found a crude local control rate of 69% and an overall complication rate of 52%.
I ntraventrIcular metastases are rare; the literature suggests that theses metastases develop in less than 1%-5% of all cancer patients. 7, 9, 11, 15, 18, 19 Although optimal treatment strategies have not been established, most patients receive local therapy in the form of either resection or stereotactic radiosurgery (SRS). As previously reported, our institution (The University of Texas MD Anderson Cancer Center) has examined the role of resection in the management of lateral ventricle metastases and found a crude local control rate of 69% and an overall complication rate of 52%. 7 Resection of intraventricular metastases is not always feasible, given their deep location within the brain parenchyma. 7, 20 Because of its noninvasive nature, SRS might be an alternative to resection that provides a satisfactory local control with minimal adverse effects. We report our experience with using SRS in the management of intraventricular metastases.
Stereotactic radiosurgery for intraventricular brain metastases

Methods
Patient Selection and Clinical Data
To identify patients with primary and secondary intraventricular metastases, we queried an institutional SRS database containing the treatment records of 1962 patients with 5800 brain metastases who consecutively underwent SRS between June 2009 and October 2013. Intraventricular metastases were classified as primary if they arose within the ventricles or choroid plexus and secondary if they arose within the surrounding parenchyma but extended into the ventricular space (Fig. 1) . Our analysis included both types of lesion but only those secondary metastases in which more than half (50%) of the tumor volume protruded into the ventricular space. Two authors (N.G., A.M.) were the final arbiters with respect to study inclusion. Patients were excluded from analysis if the aforementioned criteria were not met or if they were clinically and radiographically lost to follow-up. However, patients with incomplete follow-up data (missing either clinical or radiographic data) were included in analysis. Our institutional review board approved this study.
Cancer stage was determined at the time of initial cancer diagnosis. Age, Karnofsky Performance Scale (KPS) score, graded prognostic assessment, and the statuses of primary and extracranial disease were each determined at the time of SRS. The use of whole-brain radiation therapy (WBRT), either before or after SRS, was systematically recorded for each patient. For evaluation of radiographic changes, including radionecrosis and hemorrhage, serial imaging studies, either CT or MRI, were conducted after treatment. Local recurrence was defined as the first date at which at least a 20% increase in the size of the treated lesion was noted. 6 Distant failure was defined as the first date at which a new lesion was detected within the brain parenchyma. Leptomeningeal disease was defined as either presence of a positive CSF sample or imaging findings diagnostic of leptomeningeal disease. Second in traventricular metastases were defined using the same cri teria as for initial metastases. Disease dissemination through the CSF was defined as the development of a second intraventricular metastastic lesion or leptomeningeal disease. To evaluate acute clinical toxicity, we reviewed symptoms and KPS scores obtained weekly during treatment and 1 month after treatment completion.
Statistical Analyses
To describe the cohort, we obtained frequencies and descriptive analyses of demographic and clinical characteristics. As illustrated in Table 1 , when calculating descriptive statistics, 3 denominators were interchangeably used according to context: per patient (n = 25), per patient per treatment (n = 26), or per lesion (n = 30). In addition to local failure, we also documented locoregional failure, which included local failure as well as the development of disease dissemination through the CSF, either as a second intraventricular metastasis or leptomeningeal disease. The Kaplan-Meier method was used to calculate locoregional failure-free survival, distant failure-free survival, progression-free survival, and overall survival from the date of SRS. For calculating progression-free survival, we used the first date of local or distant brain failure as the end point. For patients who remained free of failure, the date of last imaging was used as the end point for calculations involving locoregional failure-free survival, distant failure-free survival, and progression-free survival. Patients who had leptomeningeal disease before SRS were excluded from calculation of locoregional failure-free survival. For calculations of overall survival, the date of death, or date of last follow-up evaluation if no death occurred, was used as the end point. Chi-square or Fisher exact tests were used to compare distributions of categorical variables, and Wilcoxon rank-sum tests were used to compare the distributions of continuous variables. All statistical tests were 2-sided; probability values of 0.05 or less were considered significant. All calculations were done by using Stata/MP 13.1 statistical software (StataCorp).
Results
Patient Characteristics
Study criteria were met by 25 (1.3%) patients with 30 (0.52%) intraventricular metastases. Demographic characteristics for the cohort are shown in Table 1 , and detailed patient-specific characteristics are shown in Table 2 . Most patients were Caucasian (n = 14, 56%) and male (n = 16, 64%). Median patient age was 55.8 years (range 27.5-85.9 years). In this cohort, radioresistant primary malignancies were overrepresented; the most common primary malignancy was renal cell carcinoma (n = 9, 36%), followed by melanoma (n = 7, 28%) and breast adenocarcinoma (n = 5). Renal cell carcinoma accounted for the highest proportion of patients (6.8%) with intraventricular metastases within the SRS database (p = 0.0001). Breast adenocarcinoma (n = 5, 20%), non-small cell lung cancer (n = 2, 8%), esophageal adenocarcinoma (n = 1, 4%), and papillary thyroid carcinoma (n = 1, 4%) accounted for the remaining primary malignancies. Median KPS and graded prognostic assessment scores at the time of SRS were 90 (range 50-100) and 2 (range 0-4), respectively. Although disease at the primary site was either absent (n = 13, 50%) or controlled (n = 9, 34.6%) in most patients, extracranial disease remained uncontrolled in 15 patients (57.7%) at the time of SRS. When compared to patients with melanoma, patients with renal cell carcinoma were more likely to have both uncontrolled disease at the primary site (20% vs 0%, respectively) and uncontrolled extracranial disease (70% vs 42.9%, respectively). Most patients were asymptomatic (n = 16, 61.5%), but among those who were symptomatic, the most common complaints were headache (n = 6, 23.1%) and cognitive disturbance (n = 4, 15.4%), including confusion, word-finding difficulty, and difficulty concentrating.
Tumor Characteristics
Median tumor volume was 0.75 cm 3 (range 0.01-5.6 cm 3 ), and lesions were most commonly primary in origin (n = 16, 53.3%) and located within the lateral ventricle (n = 25, 83.3%), specifically the posterior horn (n = 15, 50%). However, lesions within the third (n = 4, 13.3%) and fourth (n = 1, 3.3%) ventricles were also represented. Lateral ventricle lesions were more commonly right sided (n = 13, 52%) and third ventricle lesions left sided (n = 3, 75% ), respectively. With half of all primary lesions occurring in patients with renal cell carcinoma, tumor origin similarly differed based on primary malignancy. According to imaging studies conducted before SRS, most lesions were without hemorrhage (n = 26, 86.6%) or edema (n = 26, 86.7%).
Treatment Characteristics
Twelve (48%) patients, each with additional parenchy- * BM = brain metastasis; GPA = graded prognostic assessment; IM = intraventricular metastasis; NSCLC = non-small cell lung cancer. † Values are number (%) unless otherwise specified.
mal metastases, received WBRT, either before (n = 10) or after (n = 2) SRS. No patient received planned sequential WBRT and SRS treatments. All patients received Gamma Knife-based SRS except 1 (Case 14), who received linear accelerator-based SRS. Lesions were treated with a median dose of 20 Gy (range 14-20 Gy) to the 50% isodose line (range 44%-89%). Four patients (Cases 4, 7, 8, and 24) had more than 1 intraventricular lesion, and with the exception of 1 patient (Case 8), all intraventricular lesions were treated synchronously. The patient in Case 8 underwent a second course of SRS after development of a second intraventricular lesion 1 year after initial treatment. Among the 4 patients with multiple intraventricular lesions, 3 (75%) had renal cell carcinoma as a primary malignancy, yielding a tumor-to-patient ratio of 1.5, second only to non-small cell lung cancer with a ratio of 2.
Of note, the patient with 3 intraventricular lesions (Case 7) had 2 periventricular lesions that were treated synchronously as well.
Outcomes, Survival, and Univariate Analyses
The follow-up records for 4 patients were incomplete: follow-up images were not available for 1 patient (Case 22), and clinical follow-up data were not available for 3 patients (Cases 12, 17, and 23). As calculated from the date of SRS, the median clinical follow-up time was 8.7 At last follow-up evaluation, there were 2 instances of local failure, yielding a crude local control rate of 93.3% (28 of 30). Local failures occurred in patients with renal cell carcinoma (Case 9) and melanoma (Case 16), yielding malignancy-specific crude local control rates of 92.3% and 85.7%, respectively. Either a second intraventricular lesion or leptomeningeal disease developed in 6 patients (Cases 8, 11, 14-16, and 25) at a median of 7.6 months (range 1-11.6 months) and 6.6 months (range 0.8-8.7 months) after SRS, respectively, yielding a crude locoregional control rate of 72%. In an additional patient with melanoma (Case 13) leptomeningeal disease had developed 1.4 years before SRS. For 5 (71.4%) of the 7 patients with disease dissemination, including all 4 patients with leptomeningeal disease, melanoma was the primary malignancy. Crude locoregional control was worse for patients with melanoma than for patients with renal cell carcinoma: 28.6% vs 84.6%, respectively (p = 0.02). Median locoregional failure-free survival time was not reached, but 6-month and 1-year actuarial rates were 85.2% and 56.2%, respectively (Fig. 2) . Univariate analysis failed to correlate any patient, tumor, or treatment characteristic with locoregional failure-free survival (Table 3) . Distant brain failure developed in 13 patients at a median of 2.4 months (range 0.8-8.7 months) after treatment. Among all patients, median distant failure-free survival time was 6.9 months; 6-month and 1-year actuarial rates were 56.1% and 18.4%, respectively; similar results were obtained for progression-free survival calculations (Fig. 2) . According to univariate analysis, renal cell carcinoma as a primary malignancy was associated with improved distant failure-free survival (HR 0.32, 95% CI 0.10-1.03, p = 0.05) and progression-free survival (HR 0.35, 95% CI 0.08-1.15, p = 0.08). Primary, as opposed to secondary, intraventricular metastases were similarly associated with improved distant failure-free survival (HR 0.30, 95% CI 0.10-0.94, p = 0.04) and improved progressionfree survival (HR 0.29, 95% CI 0.09-0.91, p = 0.03). Lateral ventricle lesions were associated with improved progression-free survival (HR 0.36, 95% CI 0.11-1.19, p = 0.09), whereas WBRT before SRS was associated with worse distant failure-free survival (HR 2.81, 95% CI 0.88-8.95, p = 0.08).
Among the 25 patients in our cohort, 9 (36%) were alive at last follow-up evaluation; survival rates differed according to primary malignancy: 80% (4/5) for breast adenocarcinoma, 33.3% (3/9) for renal cell carcinoma, and 14.3% (1/7) for melanoma. Median overall survival time was 11.6 months; 6-month and 1-year actuarial rates were 87.1% and 46.7%, respectively. Univariate analysis demonstrated that older age (≥ 60 years) was associated with improved overall survival (HR 0.24, 95% CI 0.07-0.79, p = 0.02), but that WBRT prior to SRS was associated with worse overall survival (HR 3.5, 95% CI 1.09-11.3, p = 0.04). Analysis also showed a trend toward improved overall survival for lesions larger than 1 cm 3 (HR 0.32, 95% CI 0.09-1.16, p = 0.08) but a trend toward worse overall survival for patients who had intraventricular lesions with hemorrhage or edema before to SRS (HR 3.29, 95% CI 0.96-11.3, p = 0.06).
Radiographic Changes
Radiographic changes developed in 5 (20%) patients (3 with renal cell carcinoma as a primary malignancy). These changes included necrosis (Cases 9 and 25) and hemorrhage (Cases 2, 6, and 16) at medians of 4.8 months (range 1.1-8.5 months) and 2 months (range 0.07-5.5 months), respectively. Only 1 patient (Case 2) was symptomatic; this patient visited the emergency department 2 days after SRS, and CT imaging demonstrated new hemorrhage products that had migrated from the body of the lateral ventricle (the treatment site) to the third ventricle. Of the aforementioned patients who experienced hemorrhage, 1 (Case 16) had experienced hemorrhage before SRS.
Discussion
Although patients with intraventricular metastases often receive local treatment in the form of resection or SRS, not much is known about the effectiveness of the latter treatment option. To our knowledge, this retrospective review is the first case series to examine the role of SRS in the management of patients with these lesions. Our series demonstrates that SRS provides reasonable local control for intraventricular metastases and has a low side-effect profile. In addition, we observed several histologically dependent characteristics that probably influenced prognosis. Herein we explore these findings to not only better characterize our understanding of intraventricular lesions but also to establish initial treatment recommendations.
Treatment Selection: Surgery, SRS, and WBRT
Our institution has previously examined the role of resection in patients with lateral ventricle lesions and found a crude local control rate of 69% and an overall complication rate of 52% at a median follow-up time of 6 months. 7 When the patient who had leptomeningeal disease before resection was excluded from analysis, the median overall survival time was 11.7 months. Univariate analysis identified 4 factors significantly associated with survival (number of brain metastases, renal cell carcinoma as primary malignancy, preoperative KPS score, and resection method), yet only the latter 3 remained significant on multivariate analysis.
Similar to patients in our institution's study of resection, in the SRS study reported here, most patients were male, had renal cell carcinoma as a primary malignancy, and had a singular, primary intraventricular lesion located in the posterior horn of the lateral ventricle. However, crude local control and treatment-related toxicity were both significantly improved in the analysis reported here: 93.3% vs 69.0% and 20.0% vs 52.0%, respectively. Similar median overall survival was observed, but the comparison might not be accurate, given the longer clinical follow-up time for patients in our cohort (8.7 months vs 6 months) and the patient selection in the surgical series (including exclusion of a patient with prior leptomeningeal disease) from overall survival calculations. The results of univariate analysis also differed between the 2 studies; in our analysis of SRS, each of the aforementioned factors failed to correlate with overall survival. A variety of differences could account for these findings: for patients in the surgical series, the median KPS scores were lower (80 vs 90) and patients were more often symptomatic (76% vs 38.5%), whereas patients in our SRS cohort were more likely to have uncontrolled extracranial disease (57.7% vs 31%). Despite these differences, better outcomes were observed for patients in our SRS cohort than in our institutional surgical series.
Delivered as a minimally invasive outpatient procedure with very low rates of complications and death, SRS may be the preferred treatment option for select patients with intraventricular metastases, given the improved local control and fewer complications seen in our analysis. 14 Additionally, SRS might better control microscopic disease left behind after incomplete resection, which is a reality in the management of intraventricular lesions, given their deep location within the brain parenchyma. 1 Nevertheless, resection will probably remain the treatment of choice for patients with significant mass effect, ventricular obstruction, or severe neurological deficit.
1,8
Although WBRT was not delivered in a planned sequence with SRS for any patient in our cohort, our discussion of treatment selection would be incomplete without an examination of its role as used in 48% of the patients our cohort. Rates of locoregional and distal recurrence did not statistically differ between patients treated with WBRT and those treated with SRS alone. In addition, use of WBRT before SRS failed to correlate with locoregional failure-free survival (p = 0.92). Median time to distal recurrence after SRS, however, was 4 times shorter for patients previously treated with WBRT (1.1 months vs 4.5 months, p = 0.04). Similarly, WBRT before SRS was associated with worse overall survival (p = 0.04) and worse distant failure-free survival (p = 0.08), probably because of prior advanced disease. The poor outcomes for patients who had previously received WBRT might also be influenced by the primary malignancy; half of the WBRT cohort had melanoma or esophageal adenocarcinoma, both of which are associated with poor outcomes for patients who have brain metastases. 2, 3 Additionally, most (83.3%) patients received WBRT before SRS, which might have allowed for the growth and selection of a radioresistant colony, considering the prevalence (64%) of radioresistant primary malignancies in our cohort. Although the addition of WBRT will probably vary on a case-by-case basis, its use for intraventricular metastases is not likely to be of much benefit, given a combination similar locoregional and distant recurrence rates, a preponderance of patients with radioresistant primary malignancies, and the added risk for increased likelihood of cognitive decline. 4 
Histology of Primary Malignancy
Despite an estimated incidence of 4%-11%, brain metastases from renal cell carcinoma accounted for nearly half (43.3%) of all lesions among patients in our cohort. 5, 10, 14, 16 Given the preponderance of patients with renal cell carcinoma, it has been suggested that this tumor type probably has a tropism toward the ventricular space. 7, 15 Although this suggestion remains to be definitively established, the implications significantly alter a patient's survival time and amount of toxicity experienced. In our study, for patients with renal cell carcinoma, rates of distant failurefree survival were improved (p = 0.05) and a trend toward improved progression-free survival was found (p = 0.08) when compared with patients with other primary malignancies. This finding is particularly striking when compared with findings for patients with melanoma, the second most common primary malignancy in our cohort, because patients with renal cell carcinoma were more likely to have both an uncontrolled disease at the primary site (20% vs 0%) and uncontrolled extracranial disease (70% vs 42.9%). These findings corroborate those of several recent studies that have shown that among radioresistant brain metastases, renal cell carcinoma is associated with improved survival and outcomes. 3, 12, 13, 17 We believe that this finding is probably because of a combination of differences in tumor biology among radioresistant malignancies and a variety of new chemotherapeutic agents for patients with renal cell carcinoma. Although crude local control was similar for renal cell carcinoma and melanoma, locoregional control was significantly worse for the latter: 28.6% vs 84.6%, p = 0.02. This finding suggests that the risk for disease dissemination in patients with intraventricular metastases is histologically dependent, confirming that differences in tumor biology are likely.
Many of the findings observed on univariate analysis are probably secondary to differences among primary malignancies. Because half of all primary lesions developed in patients with renal cell carcinoma, the improved rates of distant failure-free survival and progression-free survival were probably secondary to renal cell carcinoma histology. Similarly, the trend toward improved overall survival for patients with metastases greater than 1 cm 3 is probably secondary to larger lesions occurring in patients with renal cell carcinoma (median, 0.76 cm 3 ) compared with smaller lesions in patients with melanoma and breast adenocarcinoma (median, 0.38 cm 3 ); the tendency for patients with renal cell carcinoma to have larger lesions is probably because patients with renal cell carcinoma may not undergo brain MR imaging as frequently as patients with other primary malignancies, such as melanoma. Likewise, age greater than 60 years was associated with improved overall survival probably because most (60%) older patients had renal cell carcinoma. Last, lateral ventricle lesions were probably associated with improved progression-free survival (p = 0.09) because renal cell carcinomas accounted for nearly half of all lateral ventricle lesions (44%). Of course, many factors affect these findings, but with a small cohort, multivariate analysis to test whether many of these findings were truly secondary to primary histology was not feasible.
Given the magnitude of differences in primary tumor histology, we should entertain the idea of altering the SRS dose based on primary malignancy. With melanoma accounting for 71.4% of patients with disease dissemination, increasing the SRS dose for these patients might prevent spread. Central to this idea is the thought that the surrounding CSF might serve as a buffer, enabling delivery of higher doses of radiation without incurring excess damage to the surrounding parenchyma. Similarly, with radiographic changes (including radionecrosis and hemorrhage) developing in 60% of patients with renal cell carcinoma, perhaps decreasing the dose for these patients is appropriate, especially considering the improved outcomes associated with this primary malignancy. Future trials are needed to assess whether such changes in SRS dose will provide clinical benefit to patients.
Our study has several limitations, including its retrospective nature, a small, histologically diverse cohort, and limited follow-up data for some cases. Despite reporting on the second largest cohort of patients with intraventricular lesions, second only to our institutional surgical series, the size of our SRS cohort prevented the calculation of additional statistical analyses that would probably clarify our findings. As a tertiary care facility, selection bias is probably an influencing factor as well, because many patients received treatment at our center but were followed up at a local facility for which details were lacking.
Conclusions
SRS for intraventricular metastases is associated with a high rate of local control and acceptable toxicity and represents an acceptable alternative to resection. There appears to be a histologically dependent risk for dissemination of intraventricular metastases. Given the rarity of these metastases, collaborative multiinstitutional data would help validate these findings.
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